Magnetic NiFe 2 O 4 nanoparticles were successfully deposited on the wood surface via a hydrothermal process at 70 ∘ C. 
Introduction
With superior properties such as improved thermal, mechanical, and dimensional stability, inorganic nanoparticles/wood hybrids have attracted significant interest in recent years [1, 2] . Only a thin coating of inorganic nanoparticles deposited on wood surface has been demonstrated to lower the rate of moisture sorption [3] . This is attributed to synergistic effects resulting from the physical or chemical interactions between the inorganic and wood components. Simultaneously, some interesting properties, such as UV resistance, fire resistance, or superhydrophobic performances, were also granted to wood by surface deposition of nanometer-sized inorganic particles, such as SiO 2 [4] , TiO 2 [5] , and ZnO [6] . However, there were rare researches focused on the exploration of magnetic nanoparticles deposited on wood surface. The wood embedded with magnetic properties would be a potential for indoor electromagnetic wave absorber, antistatic property, and heavy metal adsorption, which may be a multifunctional material with woody and magnetic characteristics [7] [8] [9] .
Herein, the magnetic wood was produced successfully by precipitated NiFe 2 O 4 nanoparticles on the wood surface. The as-prepared products were characterized by scanning electron microscopy (SEM), high resolution transmission electron microscopy (HRTEM), X-ray diffraction (XRD), a thermal analyzer (TGA, SDT Q600), and vibrating sample magnetometer (VSM). Interestingly, the prepared magnetic wood also showed microwave absorption. Then the surface should be subsequently modified with a layer FAS-17 to obtain superhydrophobicity. Moreover, the superhydrophobic magnetic wood specimens were evaluated as well in harsh condition.
Material and Methods

Materials.
Each piece of poplar wood (Populus ussuriensis Kom.) has a size of 20 mm × 20 mm × 2 mm. Then the wood specimens were ultrasonically rinsed in acetone and deionized water for several times and oven dried at 105 ∘ C until stabilization of their mass before determination of their anhydrous weights. All chemicals were supplied by Aladdin Industrial Co. and used as received. Journal of Nanomaterials dissolved in distilled water in a 100 mL glass container at room temperature under vigorously magnetic stirring for 20 min. And then the solution was transferred into a Teflon container (70%). Wood specimens were subsequently placed into the above reaction solution and the autoclave was sealed and maintained at 70 ∘ C for 3 h and then aqueous hydrazine solutions (40 wt.%) with ammonia solution (28 wt.%) at appropriate amounts were added dropwise to adjust the pH value to 10. Further continuing hydrothermal process, the system was maintained at 70 ∘ C for 3 h and then cooled to room temperature naturally. After that, the wood specimens were removed from the solutions and ultrasonically rinsed in deionized water for 20 min and subsequently vacuum dried at 60 ∘ C for 48 h. For comparative studies, the control wood specimens (CW) were also gathered. and the accelerating voltage of 40 kV and the applied current of 30 mA ranging from 10 ∘ to 70 ∘ . The magnetic properties of the composites were measured by vibrating sample magnetometer (VSM LakeShore Model 7404, California, USA) at 300 K. The contact angle analyzer (Pereach Co. JC2000C, China) at ambient temperature with a droplet volume of 5 L was employed to measure the contact angles (CAs) of the specimens. An average of the five measurements taken at different positions on each sample was applied to calculate the final CA value. The thermal performances of the magnetic wood composites were examined using a thermal analyzer (TGA, SDT Q600, USA) in the temperature range from room temperature up to 800 ∘ C at a heating rate of 10 ∘ C/min with nitrogen. The relative permeability and permittivity were obtained on a network analyzer (Agilent N5244A PNA-X, California, USA) in the frequency range of 2-18 GHz for the calculation of reflection loss (RL) by the coaxial reflection/transmission method based on NRW method. The sample containing composite materials and paraffin wax with the mass ratio of 1 : 2 was pressed into toroidal-shaped samples (Φ out = 7.00 mm, Φ in = 3.04 mm, and thickness = 2 mm) for microwave measurement. The simulated reflection loss (RL) was calculated from the measured parameters according to the transmission line theory. 
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Evaluation of the Stability of SMWH.
On the one hand, SMWH specimens were fixed and immersed into corrosive solutions (for acid: a hydrochloric acid solution of pH = 1; considering alkaline: a sodium hydroxide solution of pH = 14; for salt: a sodium chloride solution (3 M)) for 12 h at room temperature, respectively. On the other hand, SMWH was frozen at −35 ∘ b for 12 h. Subsequently, all of these specimens were removed, ultrasonically rinsed, vacuum dried, and finally characterized by the contact angle analyzer and a vibrating sample magnetometer (VSM). Figure 1 shows the camera images of CW and MWH, the magnetic property of MWH, respectively. Compared to CW (Figure 1(a) ), MWH in Figure 1 (b) had certain color appearance changes with brown, which illustrated something grown on CW surface. In Figure 1 (c), MWH could be smoothly moved to a magnet while CW remained motionless, which confirmed that the magnetic particles might be deposited on the wood surface. Figure 2 shows XRD patterns of CW, MWH, and pure NiFe 2 O 4 , respectively. For CW, the diffraction peaks at about 16 ∘ and 22 ∘ were attributed to the typical reflection planes (101) and (002) on wood surface. The thickness would be given by the AFM pattern (Figure 3(d) ). Moreover, no other peaks are observed, implying the high purity of the obtained products. Hence, NiFe 2 O 4 nanoparticles with good crystalline were successfully grown on wood surface. Figure 3 exhibits SEM images of CW and MWH, AFM image of MWH surface, TEM image, and the selected area electron diffraction (SAED) of the magnetic particles, respectively. In Figure 3(a) , there are a considerable number of pits and vascular bundle in wood structure [11] . After the hydrothermal treatment, in Figure 3(b) , the surface of CW was covered by a dense film of spherical-like NiFe 2 O 4 particles and AFM image shows the thickness of the film was approximately 1.2 m (the insert). Figure 3(c) shows an average diameter of spherical-like NiFe 2 O 4 particles, which were peeled off from wood surface via a strong ultrasonic treatment with 1200 w, is about 27 nm. Specially, the inset image clearly shows the distance between two adjacent planes is measured to be 2.5Å, corresponding to (311) planes in the spinel-structured NiFe 2 O 4 [12] . Figure 3 a strong ultrasonic treatment with 1200 w. It can be well indexed to (111), (220), (311), (400), (422), (511), and (440) of face centered cubic spinel structure using the SAED patterns, which is consistent with the results of XRD. Figure 4 illustrates the magnetization versus applied magnetic field (M-H) hysteresis curves of CW and MWH examined at 300 K (Figure 4(a) ) and microwave absorption properties of MWH (Figure 4(b) ). In Figure 4 (a), hysteresis loops can be observed, indicating that, compared with nonmagnetism CW, MWH exhibited a well superparamagnetic behavior [13] . The magnetization of MWH increased with an increasing magnetic field and MWH exhibited extremely small hysteresis loops and little coercivity and the saturation magnetization ( ) of MWH obtained from the hysteresis loop was 1.79 emu⋅g −1 . To reveal the microwave absorption properties of the assynthesized specimens, the reflection loss (RL) values of CW, MWH, and pure NiFe 2 O 4 powder were calculated in the frequency range of 2-18 GHz [14] . As shown in Figure 4 (b), for CW, there is one broad and sharp wave absorbing peak in the range of 2-18 GHz, and the minimum RL reached −5.8 dB at 17 GHz with the thickness of 2 mm. For NiFe 2 O 4 spherelike microstructures of MWH, there is also one broad and strong wave absorbing peak in the range of 2-18 GHz, and the minimum RL similarly reached −5.8 dB at 16.7 GHz with the thickness of 2 mm, which was lower than intensity of pure NiFe 2 O 4 precursor (−7.4 dB at 16.7 GHz). The microwave absorption with RL < −5 dB almost covers the full X-band (8-12 GHz), indicating that CW and MWH provide a potential for microwave absorption. Figure 5 shows the thermogravimetric and differential thermogravimetric analysis (TG-DTG) curves of CW and MWH with nitrogen atmosphere. In the first stage (25 ∘ C to 102 ∘ C), little weight loss (3-7%) in both specimens was observed which was attributed to the evaporation of moisture. In the second stage (102 ∘ C to 400 ∘ C), owing to pyrolysis of three main chemical components (cellulose, hemicellulose, and lignin) of wood [15] , main weight loss had happened and the maximum pyrolysis rate occurred at 375 ∘ C and 361 ∘ C with weight loss reaching 70.2% for CW and 22.8% for MWH, respectively ( Figure 5(b) ). In the third stage (400 ∘ C to 800 ∘ C), the mass percentage of pyrolysis residues of CW was about 18.8 mass% from the TG curve ( Figure 5(a) ). However, for MWH, there was the second degradation of the three chemical components of wood. What is more, the maximum pyrolysis rate occurred at 570 ∘ C ( Figure 5(b) ) and weight loss was 16.7% at this stage. Finally, carbon residues and the magnetic nanoparticles were left with the weight of 44.89 mass% ( Figure 5(a) ). The reason for this phenomenon may be attributed to deposition of the magnetic NiFe 2 O 4 particles on the wood surface. Combining strongly with magnetic particles via electrostatic attraction and van der Waals forces, thermal decomposition temperature of the wood increases partially from 350 ∘ C to 570 ∘ C and pyrolysis rate decreased nearly threefold, which effectively enhanced the thermal stability of wood timber. In summary, through chemical interaction between the magnetic nanoparticles and wood, thermostability of the wood was greatly improved. Figure 6 presents superhydrophobic and magnetic performances of SMWH and SEM image of SMWH surface. In Figure 6 (a), lots of spherical water drops kept sitting on the surface of SMWH attracted by magnetic bar and its WCA was around 158 ∘ , which stated superhydrophobic and magnetic performance of SMWH [16] . crystalloids and cuticular folds. It is such microstructure and superhydrophobic long-chain alkyl groups of FAS-17 that provided a water-repellent surface [17] . Figure 7 shows that four types of common liquids, including ink, coffee, tea, and milk (Figure 7(a) ), were located on the surface of CW (Figure 7(b) ) and SMWH (Figure 7(c) ), respectively. These spherical drops kept sitting on SMWH. In contrast, these liquids readily spread to penetrate the inner of CW, which significantly demonstrated the stain repellency of SMWH. Figure 8 shows the stability tests of SMWH in corrosive solutions and low temperature by comparing the changes of their and CAs. SMWH specimens dealt with three kinds of corrosive solutions (pH = 1 (Figure 8(a) ), pH = 14 ( Figure 8(b) ), and 3 M NaCl (Figure 8(c) )) and were placed in frozen atmosphere (Figure 8(d) ), respectively. After 12 h, SMWH specimens were moved away, washed, and dried to further characterization. Consequently, they were not corroded the and CAs of the specimens were no considerable changes which the values just decreased with 3-11%. It might be attributed to the close combination between spherical NiFe 2 O 4 nanoparticles and FAS-17. As for the treatment with strong acid solution, NiFe 2 O 4 particles covered by a layer of FAS-17 could not be dissolved to be iron ions under acid solution so that hydrophobic performances of SMWH remained stable. In summary, SMWH, a robust material with magnetic and hydrophobic properties, could be applied to construction materials outside [18] . Figure 9 shows the possible synthesis mechanism of SMWH. Firstly, in Figure 9 (a), when CW was immersed into the precursor solution of Fe (III) and Ni (II) ions, the Fe (III) and Ni (II) ions and the plentiful OH groups of cellulose and hemicellulose in wood [19] electrostatic interactions like ion-dipole interaction between iron ions and electron-rich oxygen atoms (Figure 9 (c)) [20] and are followed by addition of ammonia solution, and a NiFe 2 O 4 layer had been formed stably in situ on the CW surface. Namely, NiFe 2 O 4 nanoparticles were successfully grown onto the wood surface; subsequently (Figure 9(b) ), when the FAS-17 was added, most of the -Si-OCH 2 CH 3 groups in FAS-17 were firstly hydrolyzed into Si-OH groups, which were attached onto the NiFe 2 O 4 nanoparticles via the hydrogen bonds through the self-assembly process [21] . With the continuous dehydration reaction, Si-O groups with the superhydrophobic long-chain alkyl groups were formed onto both the NiFe 2 O 4 layer and CW surfaces (Figure 9(d) ). Finally, under the combined effects of NiFe 2 O 4 nanoparticles and FAS-17, the surface became superhydrophobic. Hence, with the introduction of the hydrophobic chemical groups which can prevent the invasion of aqueous solutions such as acid, alkaline, and salt solutions, SMWH exhibited robust hydrophobic property while the magnetic particles of MWH remained the phase of NiFe 2 O 4 rather than iron ions in these aqueous solutions.
Results and Discussion
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Conclusions
In conclusion, magnetic NiFe 2 O 4 /wood hybrids were successfully fabricated and displayed superior superparamagnetism, microwave absorption properties with improved thermostability. The stable superhydrophobic magnetic NiFe 2 O 4 / wood hybrids were also prepared, which remained hydrophobic and superparamagnetic under corrosive and frozen conditions.
